Abstract-Matched and mismatched filters are considered important parts of a radar signal processing unit. In this paper, we present an approach to optimize the matched filters and mismatched filters in short range pulse radars. For radar, the matched filter coefficients are the complex conjugates of transmitted code. We used binary phase codes as transmitted pulse. The disadvantage of binary phase codes is having high sidelobe levels in the output of correlation function. Thus, we decided to use optimization algorithms for finding binary phase codes with minimum peak sidelobe levels (MPS). After that, we succeeded in producing mismatched filter coefficients (Mis-co) for each code using floating point genetic algorithm (FGA) and we could generate and test the filter coefficients with maximum peak to sidelobe level ratio (PSR). For testing the filter, we plotted ambiguity function for each set of coefficients and tested the filter with Doppler shift.
I. INTRODUCTION
With increase applications of modern radar and ultrasonic systems, there is a constant need for increasingly better accuracy and increasing range resolution, with limited peak power. By using pulse compression technique in radar/sonar systems, these requirements can be met simultaneously.
The application of pulse compression coding in radars is to achieve the signal-to-noise ratio (SNR) benefits of a long pulse along with the range resolution of a short pulse [1, 2] . Pulse compression is a way to achieve the resolution of the short pulses while keeping within the practical constraints of peak power limitation. The process of modulating the transmitted pulse and then correlating the received signal with the transmitted pulse is known as pulse compression [3, 4] .
Binary phase coding is one of the basic types of pulse compression, which encodes the transmitted pulse with information that is compressed (decoded) in the receiver of the radar.
The compressed pulse does not have appropriate sidelobes in range and that is the major disadvantage of compression; and for closely spaced targets, the resolution range is limited. A major problem of pulse compression techniques is weak sidelobes suppression. One of the best techniques for sidelobes suppression is using a mismatched filter in the receiver.
Matched and mismatched filter has an important role in pulse compression technique; therefore, its properties and characteristics are explained briefly. The most unique property of the matched filter is that it produces the maximum achievable instantaneous SNR at its output when a signal plus additive white noise is present at the input [5] .
There are three ways to optimize the efficiency of the radar system [6] :
 Optimization of the receiver filter (matched or mismatched filter)  Optimization of the transmitted signal  Joint optimization of them In this paper, we have decided to use the third method. To do this, we first optimize transmission Codes with an innovative approach. The results are given in table (2) . Then, using the floating point genetic algorithm that is shown in table (1), we optimize the received filter coefficients.
The rest of the paper is organized as follows: In Section II, the basic concepts involved in the matched filter and auto-correlation function are introduced. In section III, genetic algorithms are introduced. In section IV, problem formulation is derived. Section V presents simulation results. Finally, in Section VI the conclusions of this paper are presented.
II. REVIEW OF FUNDAMENTAL CONCEPTS
First, some basic concepts must be introduced. In this
A. Matched Filter Theory
Matched filter is obtained by correlating an unknown signal with a known signal or template to detect the presence of the template in the unknown signal. This is equivalent to convolve the complex conjugated timereversed version of the template with an unknown signal. The matched filter is the optimal linear filter to maximize the signal to noise ratio (SNR) in the presence of additive stochastic noise. Matched filters are commonly used in radar, in which a known signal is sent out, and the reflected signal is examined for common elements of the outgoing signal.
The basic concept of matched filters evolved from the effort to obtain a better theoretical understanding of the factors leading to optimum performance of our system.
The characteristics of matched filters can be designated by either a time response function or a frequency response function, each being related to the other by a Fourier transform operation. In the frequency domain, the matched filter transfer function, H(f), is the complex conjugate function of the spectrum of the signal that is to be processed in the optimum method. Thus, the transfer function of a matched filter has the form [7, 8] :
Where S(f) is the spectrum of the transmitted signal S(t), K is a constant for normalization, and d T is a delay constant required to make the filter physically realizable.
The output of the matched filter is obtained as (2):
Where:
y(t) = Auto-correlation. h(t) = Compression filter coefficients. s(t) = Transmitted pulse compression code. T = Correlation delay.
B. Auto-correlation function
The auto-correlation function (ACF) of a discrete coded waveform can be given as (3):
Main Lobe (ML) is defined as the absolute maximum value of ACF (4).
Energy of a sequence and Signal to noise ratio is given by (5)
Where N0 E denoted as input noise power.
The peak sidelobe level (PSL) and the integrated sidelobe level (ISL) are two important parameters for radar performance analysis. A measure of the largest sidelobe as compared with the peak of the compression is known as PSL and a measure of the total power in the sidelobes as compared with the peak of the compression is ISL [9] . For an N bit code:
Another parameter that has been a subject of considerable interest is the merit factor (MF), which is closely related to ISL [10] .
Good sequences are associated with small PSLs and large MFs.
III. FLOATING POINT GENETIC ALGORITHMS
GA [11] , are heuristic procedures that are often able to locate near optimal solutions complicated problems. To do this, a GA keeps a set of trial solutions, and forces them to evolve towards an acceptable solution. First, a representation for possible solutions must be developed. Then, starting with an initial random population and employing survival-of-the-fittest and exploiting old knowledge in the gene pool, each generation's ability to solve the problem should improve. This is achieved through a four-step process involving evaluation, reproduction, recombination, and mutation [12, 13] .
A. Heuristic Crossover
Crossover in GA is a genetic operator that used to vary the coding of a chromosome or chromosomes from one generation to another one. It is similar to the reproduction and biological crossover, upon which GAs are based. A crossover is a process of producing a child solution from more than one parent solution [14] . 
Where (r) is a random number between 0 and 1.
Where i a and i b are lower and upper bounds of each variable in population. If feasibility is equal to zero, then another random value (r) is generated and another solution produced. If after (t) attempts no new solution meeting the constraints is found, the operator gives up and produces no children, i.e., the children become equal to parents and stop [15] [16] [17] .
B. Mutation
Mutation is a genetic operator used to maintain genetic diversity from one generation of a population of GA chromosomes to the next. It is similar to biological mutation. Mutation varies one or more gene values in a chromosome from its initial state. In mutation, the solution may change entirely from the previous one. Hence, by using mutation, GA can come to better solutions. Mutation occurs during evolution according to a low mutation probability. If it is set too high, the search will turn into a primitive random search. This probability is user-definable [14] . 
IV. PROBLEM FORMULATION Now, the problem can be written in mathematical format.
It is desired to find an N-bit binary sequences for matched filter whose PSLs or ISLs have the minimum value among all 2N existing codes and find M-bit (M>N) sequences for mismatched filter coefficients whose PSRs have the maximum value and SNR loss has the minimum value.
To find N-bit binary sequences for matched filter whose PSLs or ISLs have the minimum value we used (14) and (15) . 
To find a mismatched filter with the high PSR value we can use (16) . 
V. SIMULATION RESULTS
The main algorithm to optimize the matched and mismatched filters is shown in Fig 1. As mentioned before, the output of the matched filter is the auto-correlation function of the input signal. So, a good criterion for choosing bi-phase codes is that their auto-correlation has the sidelobes as minimum as possible. According to the equation (14), (15) and Fig. 1 we search for MPS codes that have minimum values of PSL and ISL. The best codes found, are given in Table 2 Fig. 1 offers Genetic Algorithm which is an innovative search algorithm used for finding the MPS code with the advantage that the problem of finding equal codes is solved. We used Genetic Algorithm to generate random codes.
The successful extraction of information about the range and velocity is determined by measuring the accuracy of the radar. The performance of the radar system is accurately indicated by the ambiguity function. The response of the matched filter radar receiver to a target displaced in range delay T and Doppler frequency from a reference target as defined by the ambiguity function. [6] Some of filter ambiguity functions are shown in Fig. 3 . Ambiguity function is determined as (17): Where u(t) is the transmitted envelope waveform, suitably normalized, positive (t) indicates a target beyond the reference delay, and positive φ indicates an incoming target.
Next, considering the values of Table 3 The value of MF, PSL and ISL for each code is shown in Fig.2 .
To increase the peak to sidelob rate of mismatched filter, we used genetic algorithm that its pseudo code is shown in Table 1 and succeeded to generate mismatched filter coefficients, with different lengths and maximum PSR. The optimum mismatched filter coefficients generated for some of the existing codes are shown the Table 2 . The PSR values for different filter coefficient lengths are shown in Fig. 4 . These generated codes have maximum value of PSR. Some set of generating mismatched filter coefficients are given in Table 4 .
To evaluate the performance of binary phase codes existing in Table 2 the ambiguity function was plotted for some of these codes as shown in Fig. 3 .
As it is clear from Fig. 3 , the found binary phase codes have good performance in presence of Doppler shifts. 
VI. CONCLUSIONS
In this paper, we considered the problem of high sidelobe levels in the output of the correlation function of matched filter. By using Genetic Algorithm, we found binary phase codes with minimum sidelobe levels which are presented in Table 2 . To evaluate the performance of binary phase codes, the ambiguity function was plotted for these codes as shown in Fig. 3 . To raise the peak to sidelobe rate of Mismatched Filter, we used Genetic
